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Abstract 

In order to understand the molecular mechanisms of Bifidobacterium infantis thymidine l<inase/nucleoside analogue 
ganciclovir (BI-TK/GCV) treatment system which was proven to exhibit sustainable anti-tumor growth activity and induce 
apoptosis in bladder cancer, a proteomic approach of isobaric tags for relative and absolute quantification (ITRAQ), followed 
by liquid chromatography-tandem mass spectrometry (LC-MS/MS) was used. 192 down-regulated and 210 up-regulated 
proteins were identified after treatment with BI-TK/GCV system in Sprague-Dawley (SD) rats. Western blot analysis and 
immunohistochemistry analysis confirmed that Peroxiredoxin-I (Prx-I) was significantly down-regulated in bladder cancer 
after treatment. Prx-I silencing by transfection of Prx-I shRNA significantly suppressed growth, promoted apoptosis and 
regulated the cell cycle in T24 cells and reduced the phospho-NF-KB p50 and p65 protein expression which revealed the 
links between Prx-I and NF-kB pathway implied by Ingenuity pathway analysis (IPA). These findings yield new insights into 
the therapy of bladder cancer, revealing Prx-I as a new therapeutic target and indicating BI-TK/GCV system as a prospective 
therapy by down-regulation of Prx-I through NF-kB signaling pathway. 
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introduction 

Bladder cancer is the most common urological cancer in Asia 
and its clinical management is extremely expensive [1]. In 2014, 
about 74,690 new cases of bladder cancer are expected to be 
diagnosed, and about 15,580 of them will die [2]. Bladder cancer 
can be divided into two major clinical and pathological subtypes: 
superficial non-muscle-invasive type and advanced muscle-inva- 
sive type [3] . In general, superficial bladder cancer is treated with 
endoscopic resection with favorable prognosis, but it sometimes 
reoccurs with grade progression [4]. The management of 
advanced bladder cancer is a major challenge, and these patients 
have a less favorable prognosis with a very low 5-year survival rate; 
therefore, more aggressive therapeutic options are necessary such 
as radical cystectomy and urinary diversion [5]. Further, bladder 
cancer especially the advanced type reoccurs in a substantial 
number of patients, and even results in death, and therefore, 
preferably less aggressive approaches should be developed to 
combat the disease. 

Herpes simplex virus thymidine kinase (HSV-TK)-mediated 
suicide gene therapy as a widely accepted strategy for bladder 
cancer can convert the nontoxic nucleoside analog ganciclovir 
(GCV) into a toxic triphosphorylated form, which subsequentiy 
causes the death of rapidly dividing cells [6]. We previously 
resorted to Bifidobacterium infantis (BI) which is a tumor-targeting 
bacterium, because it selectively localizes and proliferates within 
the hypoxic regions of tumors as a non-pathogenic and anaerobic 
bacterium [7,8]. We found that the BI and TK/GCV (BI-TK/ 



GCV) system exhibited a sustainable anti-tumor growth activity in 
the rodent bladder cancer model in vivo, which involved both 
extrinsic and intrinsic apoptosis pathways [9]. 

In an effort to understand the underlying molecular mecha- 
nisms and identify the potential target protein molecule of this safe 
and effective treatment system, we resorted to mass spectrometry 
(MS)-based isobaric tags for relative and absolute quantification 
(iTRAQ) to obtain comprehensive differential protein profiles. 
Furthermore, we investigated the molecular pathway of Peroxir- 
edoxin-I (Prx-I), one of the identified down-regulated proteins in 
bladder cancer identified by iTRAQ^ after treatment with BI-TK/ 
GCV. 

Materials and Metliods 

Materials 

The BI-TK/GCV treatment system was constructed success- 
fully by our research group (Chongqing, China) [9] . 

Experimental animals 

Seventy female Sprague-Dawley rats (6-8 weeks old, weighing 
180-200 g) were purchased from Chongqing National Biological 
Industry Base of Experimental Animal Center (China) and housed 
under specific pathogen-free condition at 23-27°C and humidity 
55-65% with 12-h light-dark cycles. AU animal procedures were 
approved by the Animal Use and Care Committee of Chongqing 
Medical University. A rat bladder tumor model was built by 
perfusion of N-methyl-nitrosourea (MNU)(Sigma, USA). MNU 
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was diluted into 20 g/1 by a citric acid buffer solution. Each 
bladder was perfused with 0. 1 ml once every 2 weeks, for a total of 
four perfusions. 

Studies in vivo 

Sixty tumor-bearing Sprague-Dawley rats were randomly 
divided into four groups (each n= 15): a normal saline group, a 
BI group, a BI/PGEX-1 group, and a BI-TK group. After the 
bifidobacterium was concentrated, about 0.5 ml of the corre- 
sponding interventions was injected via the tail vein (bacterium 
count, 4.4x10 ^) once a week for 4 weeks. All groups received 
daily intraperitoneal injection of GCV (50 mg/kg) for 28 days. AU 
the rats were sacrificed under anesthesia with sodium pentobar- 
bital. Part of the bladder cancer tissues from the four groups were 
preserved in paraffin for immunohistochemical (IHC) analysis, 
and the rest of the tissues were kept at — 80°C for further analysis. 

Protein sample preparation and ITRAQ labeling 

The tissues were lysed in a lysis buffer (7 m urea, 1 mg/ml 
DNasel, 1 mmNa3V04, and 1 mm phenylmethane sulfonylfl 
uoride, PMSF) and centrifugated at 6000 g and 4°C for 30 min. 
The supernatant was collected and the total protein content was 
measured using 2D Quantification Kit (Amersham Biosciences, 
Uppsala, Sweden). Each sample was digested with 20 |Xl of 0. 1 )ig/ 
|J,1 trypsin solution (Promega, Madison, USA) at 37°C overnight 
and then labeled with the iTRAQ^tags as follows: (i) normal saline 
group, 114 tags; (ii) BI-TK group, 115 tags; (iii) BI/PGEX-1 
group, 116 tags; (iv) BI group, 117 tags. The labeled samples were 
pooled prior to further analysis. 

Strong cation exchange (SCX) chromatography 

To reduce the sample complexity for liquid chromatography 
(LC)-MS/MS analysis, the pooled samples were diluted 10-fold 
with an SCX buffer A (10 mm KH2PO4 in 25% acetonitrile at 
pH 3.0) and utilized to a 2.1x200 mm polysulfoethyl A SCX 

column (PolyLC; Columbia, USA). The column was eluted with a 
gradient of 0-25% SCX buffer B (10 mM KH2PO4 at pH 3.0 in 
25% acetonitrile containing 350 mM KCl) over 30 min, followed 
by a gradient of 25-100% SCX buffer B over 40 min. These SCX 
fractions were lyophUized in a vacuum concentrator and subjected 
to C-18 clean-up using extraction column (100 mg capacity, 
Supelco; Sigma-Aldrich, St. Louis, USA). 

Electrospray ion-quadrupole time-of-fiight MS 
(ESI-Q-TOF-MS) Analysis 

MS was performed using a nano-LC coupled online to a QStar 
Elite mass spectrometer (Applied Biosystems). The LC eluent was 
directed to an ESI source for Q_-TOF-MS analysis. The mass 
spectrometer was set to perform information dependent acquisi- 
tion (IDA) in the positive ion mode, with a selected mass range of 
300-2,000 m/ z. Peptides with +2 to +4 charge states were selected 
for tandem mass spectrometry, and the time of summation of MS/ 
MS events was set to 3 s. Relative quantification of proteins, in 
case of iTRAQj was performed on the MS/MS scans and was the 
ratio of the areas under the peaks at 113, 114, 115, and 116 Da, 
which were the masses of the tags that correspond to the iTRAQ_ 
reagents. 

Proteomic analysis 

The bioinformatic processes and molecular function of the 
identified proteins in the BI-TK group after treatment were 
classified by the PANTHER classification system (www.pantherdb. 
org). The pathways of differentially expressed proteins identified 



by iTRAQ_were analyzed by the Ingenuity pathway analysis (IPA) 
program (http:/ /www.ingenuity.com). On the software Ingenuity, 
the data were used to extract interactive networks among the 
proteins in the International Protein Index (IPI) database. A 
network with a score higher than 2 is usually considered valid. 

Validation by Western blot and IHC 

Western blotting and IHC were used to confirm the expression 
of Prx-I. T The protein samples (about 20 mg) were separated 
using SDS-PAGE. After SDS-PAGE electrophoresis, proteins 
were transferred to PVDF membranes. Subsequentiy, the lysates 
were incubated with a primary anti-Prx-I rabbit monoclonal 
antibody (1:1500) (Abeam, USA). The immunoreactive signals 
were detected by enhanced chemiluminescence kit (Amersham 
Biosciences, Sweden). The procedures were conducted according 
to the manufacturer's instructions. Bladder cancer tissues from 
four groups were incubated overnight with primary antibodies. 
The tissues were incubated with secondary antibodies for 2 h. The 
cell nut:lei were counterstained with hematoxylin. The proportion 
of positively stained tumor cells was determined by Image-Pro Plus 
(IPP) 6.0 and was graded as follows: 0, negative; 1, <10%; 2, 10- 
50%; 3, >50%. The immunostaining intensity was scored as 
follows: 0, absent; 1, light yellow; 2, yellowish brown; 3, brown. 
The protein in bladder cancer tissues was evaluated using the 
staining index (SI): SI = proportion x intensity of positive tumor 
cells. 

Prx-1 Knockdown by shRNA 

T24 cells were subjected to Prxl knockdown. Short hairpin RNA 
(shRNA) was exprssed with GV102 system (GeneChem, China). The 
three pairs of sense and antisense sequences of oligonucleotides 
targeting human Prxl(GeneBank_ID: NM_002574) were as follows: 
PRDXl-RNAi (sh-1) sense strand 5'-GATCCCGCTTTCAGTGA- 
TAGGGCAGAACTCGAGTTCTGCCCTATCACTGAAAGC- 
TTTTTGGAT-3', PRDXl-RNAi (sh-l) antisense strand 5'-AG- 
CTATCCAAAAAGCTTTCAGTGATAGGGCAGAACTCGAG- 
TTCTGCCCTATCACTGAAAGCGG-3'; PRDXl-RNAi (sh-2) 
sense strand 5'-GATCCCGATGAGACTTTGAGACTAGTTCT- 
CGAGAACTAGTCTCAAAGTCTCATCTTTTTGGAT-3', 
PRDXl-RNAi (sh-2) antisense sfrand 5'-AGCTATCCAAAAA- 
GATGAGACTTTGAGACTAGTTCTCGAGAACTAGTCTCA- 
AAGTCTCATCGG-3'; PRDXl-RNAi(sh-3) sense strand 5'- 
GATCCCCCATGAACATTCCTTTGGTATCTCGAGATAC- 
C.A^AAGGAATGTTC ATGGTTTTTGGAT-3 ' , PRDX 1-RNA- 
i(sh-3) antisense strand 5'-AGCTATCCAAAAACCATGAA- 
CATTCCTTTGGTATCTCGAGATACCAAAGGAATGTTCA- 
TGGGG-3'.A scrambled sequence of the Prx-I target was used as a 
negative control (con sh). T24 cells were transiently transfected with 
the Prxl -shRNA expression vectors by using Lipofeetamine 2000 
(Invitrogen, USA). Non-infected T24 cells (parental) and Prx-I 
control shRNA infected T24 cells (con sh) were also used. The 
highest efficiency of knockdown by shRNA vectors in T24 cells was 
determined by quantitative real-time polymerase chain reaction 
(qRT-PCR). The primer sequences for Prx-I were 5'-AGCCT- 
GTCTGACTACAAAG-3' (forward) and 5'-TCTGCCCTAT- 
CACTGAAAG-3' (reverse), which yielded a 104 bp product. The 
primer sequences for the internal control GAPDH were 5'- 
CACCCACTCCTCCACCTTTG-3' (forward) and 5'-CCAC- 
CACCCTGTTGCTGTAG-3' (reverse), which yielded a 110 bp 
product. The expression value of Prx-I compared with that of 
GAPDH was calculated as 2-AACt. All reactions were conducted in 
triplicate. Then the expressions of Prx-I in T24 cells knocked down 
by shRNAs were measured by Western blotting. 
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Cell proliferation assay 

After transfection with Prx-I shRNA for 24 h, the T24 cells 
were seeded into 96-well culture plates at a density of 4x10'' cells 
in a final volume of 1 00 |a,l/weU, and the untransfected cells were 
used as a control. The cell proliferation rate was calculated at 
different time points (24, 48 and 72 h) using Cell Counting Kit-8 
(CCK-8) (Sigma, USA). Experiments were performed according 
the manufacturer's protocol. The absorbance at 450/ 630 nm was 
measured with a Thermo spertrophotometer (Waltham, USA). 
The average absorbance from six wells per group was calculated. 

Flow cytometric analysis 

After transfection for 48 h, the cells were trypsinized and 
centrifuged at 1500 rpm for 5 min. The cells were harvested and 
washed with PBS twice. After stained with 50 ng/ml Annexin V- 
fluorescein isothiocyanate (FITC) (BD Biosciences, USA) and 
20 Hi of 500 Hg/ml propidium iodide (PI) (Sigma, USA) for 
apoptosis detection, the cells were incubated in dark at room 
temperature for 15 min and subjected to flow cytometry analysis 
(FACS). Then the cells were collected, washed with PBS, fixed 
with 75% ethanol at — 20°C overnight. The fixed cells were 
washed with cold PBS twice, added 500 |a.L DNA staining solution 
(including 200 |J,g/ mL RNase A and 20 |J,g/mL propidium iodide 
staining solution) and incubated for 30 minutes. Finally, the cells 
were subjected to cell cycle analysis by FACS. The data were 
analyzed and evaluated on the program ModFit (Topsham, USA). 

Effect of Prx-I on phospho-NF-KB p50 and p65 

The link between Prx-I and the NF-kappa-B (NF-kB) complex 
signaling had been implied in the protein pathway of IPA. 
Therefore, in order to explore whether the effect of Prx-I on 
apoptotic signaling proteins was attributable to NF-kB inhibition, 
we evaluated nuclear levels of phospho-NF-KB p50 and p65 
(Abeam, USA) by Western blot. 

Statistical analysis 

The data were expressed as mean ± standard deviation (SD) 
and compared using analysis of variance. The level of significant 
difference was defined as p<0.05. All analyses were performed on 
SPSS 18.0 (SPSS, Chicago, USA) for Windows. 

Results 

Quantification and identification of differentially 
expressed proteins by ilRAQ 

A total of 2343 unique proteins were identified with 95% 
confidence by the ProteinPilot search algorithm against the IPI rat 
protein database v3.49. A strict cutoff value of a 1.3-fold change 
resulted in a final set of 402 differentially expressed proteins, 
including 192 down-regulated proteins and 210 up-regulated 
proteins in the BI-TK group after treatment. Strikingly, a novel 
molecule Prx- I drew our particular attention, with a 0.52-fold 
decrease in the BI-TK group versus the normal saline group. A 
schematic diagram of iTRAQ^is shown in Figure lA, and the MS/ 
MS spectrum of Prx- I (peptide sequence: WGDHVEVHAR) is 
shown in Figure IB. The iTRAQtags are as follows: (i) the normal 
saline group, 1 14 tags; (ii) the BI-TK group, 1 15 tags; (iii) the BI/ 
PGEX-1 group, 1 16 tags; (iv) the BI group, 1 17 tags. The protein 
ID in IPI, name and main functions with abundance changes are 
epitomized in Table SI. 



Bioinformatic functional analysis of differentially 

expressed proteins after treatment with BI-TK/GCV 

To probe into their biological roles in the curative effect of BI- 
TK/GCV on bladder cancer, the differentially expressed protc-iiis 
were categorized into various processes and function classes based 
on PANTHER classification system. In biological process analysis, 
the largest proportion of difiFerentially expressed proteins was in 
metabolic process, followed by cellular process and cell commu- 
nication process (Figure 2 A). Notably, the proteins involved in 
catalytic activity, binding, structural molecule activity, enzyme 
regulator activity, and receptor activity were the top five molecular 
function categories (Figure 2B). Moreover, proteins involved in 
antioxidant activity accounted for 1.3%, respectively. Figure 2C 
depicts the primary pathways generated by IPA of the differen- 
tially expressed proteins. This network scored 36 and consisted of 
37 proteins involved in apoptosis, oxidative stress, and metabolism. 
In particular, Prx-I, the markedly down-expressed protein after 
treatment, is directiy linked to transcription factor NF-kappa-B 
(NF-kB) complex pathway in this network, indicating that Prx-I 
may play an important role in the apoptosis of bladder cancer by 
BI-TK/GCV system partiy through the NF-kB signaling pathway. 

Validation of Prx-I by Western blot and IHC 

The differential expression levels of Prx- I identified by iTRAQ, 
approach were vahdated by Western blot (Figure 3A). Compared 
with the normal saline group, expression of Prx-I is down- 
regulated in the other three groups (especially in the BI-TK 
group), which is similar to the results obtained by iTRAQ. 
Moreover, the Prx-I expression in the tumor tissues was verified by 
IHC analysis (Figure 3B). The Prx-I content in bladder cancer cells 
of BI-TK group was significantly lower than that in the other 
groups (p<0.05. Figure 3B), which is consistent with the results 
obtained by iTRAQ^ and Western blot. 

qPCR and Western blot for the interfering efficiency in 

T24 cells 

First, the Prx-I mRNA levels from four shRNA vectors 
tiansfected for 48 h in the T24 cell lines were measured by 
qPCR using Lipofectamine 2000. The Prx-I expression decreased 
by -40%, 26%, 18% and 1% in the sh-1, sh-2, sh-3 and con sh 
groups, respectively compared to the parental group (Figure 4A). 
To confirm this interfering efficiency, the protein expression levels 
of Prx-I in T24 cells after transfection were examined by Western 
blot. Results showed that Prx-I levels decreased significantiy by 
-48%, 30%, 18% and 3% from baseline in tiie sh-1, sh-2, sh-3 
and con sh groups respectively (Figure 4B), indicating that the 
highest interfering efficiency in T24 cells was in the sh-1 group. 

Prx-I knockdown inhibited T-24 cell growth 

The effects of Prx-I shRNA transfection on T24 cell growth 
were investigated through CCK8 assays. A slight inhibition in 
growth was observed at 24 h after transfection. Furthermore, 
()l)vi()us inhibitory effects on cell proliferation were observed in 
Prx-I knockdown-cells at 48 and 72 h, compared with the parental 
and con sh groups (Figure 5, p<0.05), suggesting that the 
inhibition of Prx-I cotUd suppress T24 cell growth in vitro. 

Effect of Prx-I shRNA transfection on the apoptosis and 
cell cycle of T-24 cell 

The effects of Prx-I knockdown on apoptosis and cell cycle of 
T24 cell were investigated. After 48 h of transfection, the apoptosis 
rate in the sh-1 group (21.99± 1.10%) was significantiy higher 
compared with the con shRNA group (4.5 1 ±0.73%) and parental 
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Figure 1. Experimental design of proteome analysis after treatment using iTRAQ labeling. A: Schematic diagram showing the worl<flow 
of iTRAQ. B: IVIS/IVIS spectrum showing the peptides of Prx-I (peptide sequence: WGGDHVEVHAR). The 4 peal< contours describe that the sample 
volumes are the same which guarantees the results are authentic and reliable. 
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Figure 2. Bioinformatic analysis of differentially expressed proteins after treatment with BI-TK/GCV. PANTHER classification of proteins 
based on (A) Biological process and (B) molecular function. (C) Interplaying network of proteins with abundance change generated by Ingenuity 
pathway analysis (IPA). The network implied the connection of Prx-I and NF-kB complex. 
doi:1 0.1 371 /journal.pone.0098764.g002 



PLOS ONE I www.plosone.org 



5 



June 2014 | Volume 9 | Issue 6 | e98764 



Proteomic Analysis of BI-TK/GCV Treatment System 




Figure 3. Validation of Prx-I by Western blot and immunohistochemical (IHC) analysis. A: Expressions of Prx-I in four groups by Western 
blot analysis. Beta-actin was used as a loading control. B: Representative images showing the immunoexpression of Prx-I in tumor tissues of four 
groups. Compared with the normal saline group, expression of Prx-I is down-regulated in the other three groups (especially in the BI-TK group), which 
is similar to the results obtained by iTRAQ. (Asterisk (*) indicates P<0.05 in BI-TK group versus normal saline group) 
doi:1 0.1 371/journal.pone.0098764.g003 



group (4.96±0.46%) (P<0.05) (Figure 6A). CeU cycle analysis 
showed that GO/Gl phase ratio in the sh-1 group (61.13±.50%) 
was significantly higher compared with the con sh group 
(49.62+0.84%) and parental group (48.03± 1.17%) (P<0.05) 
(Figure 6B). 

Effect of Prx-I on NF-kB pathway 

As described above, Prx-I is direcdy linked to NF-kB complex, 
which has been implied in the protein pathway (Figure 2C). To 



explore whether the elTects of Prx-I on apoptotic signaling proteins 
were attributable to NF-kB inhibition, the activated forms of 
phospho-NF-KB p50 and p65 were examined by Western blot 
after transfection with Prx-I shRNA in T24 cells. A significant 
decrease (P<0-05) in the protein expression of both phospho-NF- 
KB p50 and p65 was observed in sh-1 group (Figure 7), compared 
with the con sh and parental groups, indicating that Prx-I 
knockdown inhibited activation of NF-kB P50 and P65 in T24 
cells. 




Figure 4. Suppression of Prx-I expression with the shRNA vectors in T24 cells. A: The expression of Prx-I mRNA was examined by qPCR. 
GAPDH served as an internal control. B: The Prx-I protein levels were analyzed by Western blot after transfection. Sh-1 treatment led to a significant 
reduction in Prx-I protein expression in T-24 cells. (Asterisk (*) indicates P<0.05 in sh-1 group versus parental group) 
doi:1 0.1 371/journal.pone.0098764.g004 
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Figure 5. Prx-I knockdown inhibited tKie proliferation of T24 
cells in vitro. The growth rates in Prx-I knockdown group was 
significantly reduced, compared with the parental and con sh groups, 
measured by CCK8 assay. 
doi:1 0.1 371 /journal.pone.0098764.g005 

Discussion 

In our previous study, BI-TK/GCV was constructed and 
proved efFective in inhibiting the progressive growth of bladder 
tumor which was related to apoptosis in vivo [9,10], indicating 
that BI-TK/GCV was a successful treatment system and might 
provide a novel strategy for treatment of advanced or metastatic 
bladder cancer in future. 



o 
m 
0. 



Q. 

in 
O 

JZ 

a. 
"5 



o ■ 
.H 

5 0.15- 

in 
CO 
Q. 



in 
in 

£ 
a. 

X 



0.10- 



phospho-P50 



phospho-P65 



Histone 



phospho-P50 
phospho-P65 




Figure 7. Effect of Prx-l-shRNA transfection on protein 
expression of phospho-NF-KB p50 and p65 in T24 cells by 
Western blots. A significant decrease in the protein expression of 
both phospho-NF-KB p50 and p65 in sh-1 group. (Asterisk (^indicates 
P<0.05 in sh-1 group versus parental group) 
doi:10.1371/journal.pone.0098764.g007 
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Figure 6. Effect of Prx-l-shRNA transfection on the apoptosis and cell cycle of T24 cells. A: Prx-I knockdown induced apoptosis in T24 cells. 
B: Representative pictures of FACS analysis showing Prx-I knockdown induced G0/G1 cell cycle arrest in T24 cells with a corresponding decrease in S- 
phase cells (P<0.05). 
doi:1 0.1 371/journal.pone.0098764.g006 
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In this study, a proteomic approacli iTRAQ^was used to identify 
differentially expressed proteins, aiming to reveal the molecular 
mechanisms and provide theoretical support for the effectiveness 
of BI-TK/GCV system. iTRAQ, identified 402 differentially 
expressed proteins in bladder cancer tissues after treatment, 
including 192 downregulated proteins and 210 upregulated 
proteins. The targeting proteins with differential abundance 
(Table SI) played pivotal roles in a number of cellular pathways, 
including metabohsm, apoptosis, antioxidant activity, cell cycle, 
proliferation, signal transduction and cell adhesion. Although the 
exact mechanism by which BI-TK/ GCV reaches its intracellular 
targets is unclear, the targeting proteins of BI-TK/GCV are 
supposed to participate in the proliferation and apoptosis of 
bladder cancer cells, and provide novel targets for future therapy. 

Prx-I stood out in our proteomic analysis because it had rarely 
been linked directly with bladder cancer although it has been 
shown to down-express in bladder cancer tissues after treatment 
with BI-TK/GCV. The mammalian peroxiredoxin (Prx) family 
which consists of six proteins is HgOg-scavenging enzymes present 
in procaryotic and eucaryotic cells [11-13]. Prx-I belongs to 
typical-2-Cys and is the most abundant and ubiquitously 
distributed isoform of PRDX [14,15], which has been closely 
interrelated with cell proliferation and differentiation, intracellular 
redox signaling, and apoptosis [16—19]. Prx-I is highly expressed in 
solid organs and in tissues of some cancers [20-23], and is also 
positively associated with the recurrence and progression rates of 
bladder cancer [24,25]. Similarly, Prx-I over-expression is 
associated with diminished overall sur\'ival, poor clinical outcome, 
and resistance of cancer cells to radiotherapy and chemotherapy 
[26—28], while the down-expression of Prx-I by RNAi is associated 
with therapeutic challenges for liver cancer, esophageal cancer, 
and thyroid cancer [29-31]. Actually, based on the iTRAQ_ 
analysis (Table SI), Western blot (Fig. 3 A) and IHC analysis 
(Fig. 3B) in the present study, Prx-I expression significandy 
decreased in bladder cancer tissues after treatment with BI-TK/ 
GCV, indicating that Prx-I may contribute to the effect of BI-TK/ 
GCV treatment on anti-growth and pro-apoptosis of bladder 
cancer. Knockdown of Prx-I gene by shRNA significandy 
suppressed growth, promoted apoptosis and regulated the cell 
cycle in bladder cancer cells (Figure 6, 7). These results 
demonstrate the positive role of Prx-I in the development of 
bladder cancer. We presume that BI-TK/ GCV treatment system 
is able to prevent tumor growth and induce apoptosis in the rodent 
bladder cancer model by down-regulating Prx-I expression. But 
what signaling pathway it is through? 

Fortunately, the links between Prk-I and the NF-kB complex 
signaling have been implied in the protein pathway of IPA 
(Figure 2C), which lead us to find the clue. Prxs have been 
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implicated as key regulatory factors in redox signaling [32-34]. 
Prxs can quench the second messenger HjOg and inhibit signal 
transduction by activating the metabolism of H2O2. Overoxida- 
tion of Prx from a cysteine-sulfenic acid (Cys-SOH) to a 
cysteinesulfinic acid (Cys-S02H) can stop the metabolism of 
H2O2, allowing the accumulation of 14209 concentration and the 
propagation of signal transduction. Reduction of Cys-S02H to 
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network (Figure 2C). 

Conclusions 

Taken together, we identified that Prx-I along with the NF-kB 
pathway contributed to bladder cancer for the first time. The BI- 
TK/GCV treatment system exhibited a sustainable anti-tumor 
growth activity and induced apoptosis in bladder cancer tissues by 
inhibition of Prx-I through the NF-kB pathway. Our research 
provides a new insight into bladder cancer treatment and indicates 
that BI-TK/ GCV treatment system by targeting at Prx-I can be a 
novel therapeutic strategy in the future. 

Supporting information 

Table SI iTRA.Q, Analysis of Differentially Expressed 
Proteins in normal saline group (iTRAQ, 114), BI-TK 
group (iTRAQ,115), BI/PGEX-1 group (iTRAQ,116) and 
HI group (iTRAQ,117). 

(DOCX) 

Author Contributions 

Conceived and designed the experiments: LJ. Performed the experiments: 
XX JR YYT. Analyzed the data: LJ. Contributed reagents/materials/ 
analysis tools; HQW QY MJW. Wrote the paper: WT. 



8. Yazawa K, Fujimori M, Amano J, Kano Y, Taniguchi S (2000) Bifidobacterium 
longum as a delivery system for cancer gene therapy: selective localization and 
growth in hypoxic tumors. Cancer Gene Ther 7: 269—274. 

9. Yin X, Yu B, Tang Z, He B, Ren J, ct al. (2013) Bifidobacterium infantis- 
mediated HSV-TK/GCV suicide gene therapy induces both extrinsic and 
intrinsic apoptosis in a rat model of bladder cancer. Cancer Gene Ther 20: 77- 
81. 

10. Tang W, He Y, Zhou S, Ma Y, Liu G (2009) A novel Bifidobacterium infantis- 
mediatcd TK/ GCV suicide gene therapy system exhibits antitumor activity in a 
rat model of bladder cancer. J Exp Clin Cancer Res 28: 155. 

1 1 . Zhang B, Wang Y, Su Y (2009) Peroxiredoxins a novel target in cancer 
radiotherapy. C.aneer Lett 286: 154—160. 

12. Knoops B, Loumaye E, Van Uer Eccken V (2007) Evolution of the 
peroxiredoxins. Subcell Biochem 44: 27—40. 

13. Edgar RS, Green EW, Zhao Y, van Ooijen G, Olmedo M, et al. (2012) 
Peroxiredoxins are conserved markers of circadian rhythms. Nature 486: 459- 
464. 



PLOS ONE I www.plosone.org 



8 



June 2014 I Volume 9 | Issue 6 | e98764 



Proteomic Analysis of BI-TK/GCV Treatment System 



14. Chae HZ, Oubrahim H, Park JW, Rhcc SG, Chock PB (2012) Protein 
glutathionylation in the regulation of peroxiredoxins: a family of thiol-specific 
peroxidases that fiinction as antioxidants, molecular chaperones, and signal 
modulators. Antioxid Redox Signal 16: 506-523. 

15. Lowther WT, Haynes AC (2011) Reduction of cysteine sulfinic acid in 
eukaryotic, typical 2-Cys peroxiredoxins by sulfiredoxin. Antioxid Redox Signal 
15: 99-109. 

16. Immenschuh l!niin"iL;aii E (2005) Peroxiredoxins, oxidative stress, and 
cell proliferation. .Vniioxid Redox Signal 7: 768—777. 

17. Neumann GA. Cao J, Manevieh Y (2009) Peroxiredoxin 1 and its role in cell 
signaling. Cell Cycle 15: 4072-4078. 

18. Du ZX, Yan Y, Zhang HY, liu BQ, Gao YY, et al. (2010) Suppression of 
MG132-mediated cell death by peroxiredoxin 1 through influence on ASKl 
activation in human Thyroid cancer cells. Endocr RelaT Cancer 17: 553 -560. 

19. Kim H, Lee IH, Park ES. SuhJM, Park SJ. el al. (2000) Role of peroxiredoxins 
in regulating intraceUular hydrogen peroxide and hydrogen peroxide-induced 
apoptosis in thyroid cells. J Biol Chem 275: 18266 18270. 

20. Fujii J, Ikcda Y (2002) Advances in our understanding of peroxiredoxin, a 
multifunctional, mammalian redox protein. Redox Rep 7: 123-130. 

21. Kinnula VL, Lehtonen S, Sormunen R, Kaartccnaho Wiik R, Kang SW, et al. 
(2002) Overexpression of peroxiredoxins I, II, III, V, and VI in mal^ant 
mesotheHoma. J Pathol 196: 316-323. 

22. Lehtonen ST, Svensk AM, Soini Y, Paakko P, Hirvikoski P, et al. (2004) 
Peroxiredoxins, a novel protein family in lung cancer. Int J Cancer 111: 514— 
521. 

23. Noh DY, Ahn SJ, Lee R\, Kim SVV, Park lA, et al. (2001) Overexpression of 
peroxiredoxin in human breast cancer. Anticancer Res 21: 2085—2090. 

24. Quan C, Cha EJ, Lee HL, Han KH, Lee KM, et al. (2006) Enhanced expression 
of peroxiredoxin I and VI correlates with development, recurrence and 
progression of human bladder cancer. J Urol 174: 1512—1516. 

25. Soini Y, Haapasaari KM, Vaaraia MH (2011) 8-hydroxydeguanosine and 
nitrotyrosine are prognostic factors in urinary bladder carcinoma. Int J Clin Exp 
Pathol 4: 267-275. 

26. Yanagawa T, Ishikawa T, Ishii T, Tabuchi K, Iwasa S, et al. (1999) 
Peroxiredoxin 1 expression in human thyroid tumors. Cancer Lett 145: 127-132. 

27. Yanagawa T, Omura K, Harada H (2005) Peroxiredoxin I expression in tongue 
squamous ceU carcinomas as involved in tumor recurrence. Int J Oral MaxiUofac 
Surg 34: 915-920. 



28. Kim HJ, Chae HZ, Kim YJ, Kim YH, Hwangs TS, et al. (2003) Preferential 
elevation of Prx I and Trx expression in lung cancer cells following hypoxia and 
in human lung cancer tissues. CeU Biol Toxicol 19: 285-298. 

29. Aguilar-Melero P, Prieto-Alamo MJ, Jurado J, Holmgren A, Pueyo C, et aX. 
(20 1 3} Proteomics in HepG2 hepatocarcinoma ceUs with stably silenced 
expression of PRDXl. J Proteomics 79: 161-171. 

30. Gao MC,Jia XD, Wu QF, Cheng Y, Chen PR, et al. (201 1) Silencing Prxl and/ 
or Prx5 sensitizes human esophageal cancer cells to ionizing radiation and 
increases apoptosis via intracellular RC^S accumulation. Acta Pharmacol Sin 32: 
528-536. 

31. Riddell JR, Bshara \V, Moser MT, Spernyak JA, Poster BA, et al. (2011) 
Peroxiredoxin 1 controls prostate cancer growth through Toll-like receptor 4- 
dependent regulation of tumor vasculature. Cancer Res 71: 1637—1646. 

32. Woo HA, Chae HZ, Hwang SO, Yang KS, Kang SW, et al. (2003) Reversing 
the inactivation of peroxiredoxins caused by cysteine sulfinic acid formation. 
Science 300: 653-656. 

33. Hanschmann EM, GodoyJR, Bemdt C (201 3) Thioredoxins, glutaxedoxins, and 
peroxiredoxins-molecular mechanisms and health significance: from cofactors to 
antioxidants to redox signaling. Antioxid Redox Signal 19: 1539-1605. 

34. Chang TS, Jeong W, Woo HA, Lee SM, Park S, et al. (2004) Characterization of 
mammalian suUiredoxin and its reactivation of hyperoxidizcd peroxiredoxin 
through reduction of cysteine sulhnic acid in the active site to cysteine. J Biol 
Chem 279: 50994-51001. 

35. Poole LB, Hall A, Nelson KJ (2011) Overview of peroxiredoxins in oxidant 
defense and redox regulation. Curr Protoc Toxicol Chapter 7:Umt7.9. 

36. Rhee SG, Kang SW, Jeong W (2005) IntraceUular messenger fiinction of 
hydrogen peroxide and its regulation by peroxiredoxins. Curr Opin CeU Biol 1 7: 
183-189. 

37. Haynes AC, C^ian J, Reisz JA, Furdui CM, Lowther WT, et al. (2013) Molecular 
basis for the resistance of human mitochondrial 2-cys peroxiredoxin 3 to 
hyperoxidation. J Biol Chem 288: 29714-29723. 

38. Hansen JM, Moriartv C^raige S, Jones DP (2007) Nuclear and cytoplasmic 
peroxiredoxin- 1 ditferentially regulate NF-kappaB activities. Pree Radic Biol 
Med 43: 282-288. 

39. Wang X, He S, SunJM (2010) Selective association of peroxiredoxin 1 with 
genomic DNA and COX-2 upstream promoter elements in estrogen receptor 
negative breast cancer ceUs. Mol Biol CeU 21: 2987-2995. 



PLOS ONE I www.plosone.org 



9 



June 2014 I Volume 9 | Issue 6 | e98764 



